To define factors contributing to the adverse prognosis of patients with gram-negative bacillemia and abscess formation, we studied the interaction between polymyxin B, colistin sulfate, gentamicin, or carbenicillin with purulent material. Carbenicillin activity was not significantly altered by incubation with pus. Equal volumes of antibiotic and purulent sediment decreased the effective concentration of polymyxin B, colistin sulfate, or gentamicin from 100 yg/ml to 3 to 6 ug/ml. One milliliter of purulent sediment bound more than 700 ,ug of gentamicin and 1,500 ,ug of polymyxin B or colistin sulfate. This effect occurred rapidly, proceeded at 4 and 37 C, was stable for 24 to 48 h, and was altered, but not abolished, by varying the pH of the solution. Antibiotic activity could be removed from pus by high concentrations of protamine sulfate, heparin, sodium chloride, or potassium chloride, suggesting binding rather than inactivation.
The need for surgical drainage of abscesses is well established. However, in rare instances it may be necessary to rely exclusively on antibiotic therapy. Although it has been shown that adequate concentrations of penicillin are present within abscesses, little information is available regarding activity of other antibiotics within abscesses (4, 14) .
There are several reasons for examining problems of abscesses caused by gram-negative bacilli. Patients with such infections have a poor prognosis (2, 7) . Abscesses may be multiple and inaccessible to drainage, especially in patients with Pseudomonas infection (10, 13) . Although increased mortality of Pseudomonas infection may be explained in part by the frequency of infections in the elderly and infirm, it is likely that the proclivity of Pseudomonas to produce widespread infection with focal necrosis-may contribute significantly to its virulence (13) . In addition, there is evidence to suggest that antibiotic activity in tissues might be impaired. Studies by Kunin demonstrated that aminoglycoside and polymyxin antibiotics were avidly bound by tissue homogenates of animals (6) . Thus, purulent material in tissue could bind certain antibiotics and perhaps alter their efficacy in management of infection caused by Pseudomonas infections has been obtained with only four currently available antibiotics; carbenicillin, colistin, polymyxin B, and gentamicin. The present studies evaluated activity of these agents after incubation with purulent material in order to gain insight applicable to management of patients with abscesses caused by Pseudomonas aeruginosa.
MATERIALS AND METHODS Antibiotics and other reagents. Colistin sulfate was provided by Warner-Lambert Research Institute, U.S.P. Sodium heparin was obtained from Connaught Laboratories, Toronto. Other antibiotics and reagents were obtained as the injectable form: gentamicin (Garamycin; Schering) and protamine sulfate (Upjohn). All drugs were diluted with sterile distilled water.
Purulent material. Pus used in these studies was collected from four patients with pneumococcal empyema. Antibiotic-free pus was sedimented by centrifugation for 10 min at 12,000 x g at 4 C in a refrigerated centrifuge. Sediment and liquid portions were separated. The liquid portion representing onefourth to one-fifth the volume of the whole pus was found to have no effect on antibiotic activity. Sedi-' ment was homogenized (Polytron-Kinematica, Lucern) briefly to produce a uniform mixture which was divided into small portions and frozen until used. As needed,' the sediment was thawed, mixed with a Vortex mixer, and measured with a disposable 1-ml syringe (without a needle). mg (wet weight) was used in all binding experiments unless otherwise noted. Antibiotic, at the concentration to be tested, was added to an equal volume of purulent sediment. The sample was then mixed with a Vortex mixer and incubated for 1 h at 37 C prior to centrifugation at 12,000 x g for 10 min. The antimicrobial activity of the supernatant was quantitated using the plate assay method described below. Each specimen was tested for its capacity to reduce antimicrobial activity. Reduction in activity was comparable with each specimen of pus from all four patients and corresponded quantitatively to values shown in Table 1 . Studies examining the effect of pH and reversibility of drug binding were performed with purulent material from a single patient.
Purulent material was examined microscopically to determine whether the processes of collection, homogenization, or storage caused overt change in appearance of pus sediment. Microscopic appearance of purulent material was not altered by manipulation involved in this study. Pus used in binding studies was not subjected to sonication. With the exception of studies examining the effect of pH on binding, pus was not exposed to extremes of pH. Preliminary studies demonstrated that there was less than a 10% variation in binding properties of freshly collected, unfrozen purulent sediment, of refrigerated abscess sediment, and of intentionally sonicated abscess sediment.
Plate assay. Effect of time and temperature. These studies were performed according to the format described above, with the exception that conditions of incubation were modified. The concentration of antibiotics shown in Table 2 was incubated with equal volumes of purulent material for either 5 min at 4 C, 5 min at 37 C, 60 min at 37 C, or 24 or 48 h at 37 C prior to centrifugation and determination of the antimicrobial activity of the supernatant.
Effect of pH. The,effect of hydrogen ion concentration on antibiotic binding was determined by adjusting the pH of purulent material with buffered solutions of physiological sahne. Tris(hydroxymethyl)-aminomethane buffer (0.02 M) adjusted to pH 8.0 was used to obtain an alkaline pH, and 0.02 M N-tris(hydroxymethyl)methyl-2-aminoethane sulfonic acid buffer was used to reduce the pH of purulent material to 4.0. Equal volumes of pHadjusted antibiotic solution and purulent material were incubated for 1 h at 37 C before specimens were centrifuged at 12,000 x g and the supernatant was removed. The pH of the supernatant was adjusted to pH 7.0 prior to determination of antibiotic activity.
Removal of bound antibiotics. These studies were performed to determine factors which affected dissociation of antibiotics from purulent material. Purulent exudates which had been rotated with an equal volume of antibiotic for 1 h at 37 C were centrifuged at 12,000 x g, and the supernatant fluid was removed. Specimens of purulent material were then mixed with equal volumes of water, aqueous solution containing 1,000 U of heparin per ml or 4 mg of protamine sulfate per ml, or a 1 M solution of KCI or NaCl. Specimens were rotated for 1 h on a rotary drum at 37 C prior to centrifugation at 12,000 x g and determination of the antibiotic activity present in the supematant fluid. Standard antibiotic solutions were adjusted to contain the same concentration of heparin, protamine, KCI, or NaCl as the test specimens. Heparin, protamine, KCI, or NaCl solutions incubated with antibiotic-free pus did not inhibit bacteria in pour plates. In several tests, a second or third incubation and centrifugation period was used to determine the effect of repeated washing on removal of antibiotics from purulent material. Similarly, several studies used repeated washing with molar NaCl and 1,000 gg of heparin per ml after incubating antibiotic-sediment mixtures for 24 h in an attempt to remove bound antibiotics.
Varied concentration of purulent sediment. These studies were performed according to the general method of incubation, except that the volume of purulent sediment was modified by appropriate dilution in water before addition to solutions containing antibiotics. Purulent sediment mixtures were diluted to achieve a final concentration by volume of 50, 40, 20, 10, 5, or 2.5% during incubation with antibiotic solutions. After 1 h of incubation, specimens were centrifuged and the antibiotic activity in the supernatant was determined.
Efect of small quantities of purulent sediment. antibiotic destruction by purulent material, the effect of time, temperature, and pH on this reaction was tested. Changes in antibiotic activity after incubation with pus were not altered significantly by changes in temperature (Table   2 ). Reduction in activity proceeded as well at 4 C as it did at 37 C. In addition, it was noted that reduction in drug activity occurred rapidly and was virtually complete by 5 min. Incubation of purulent material with antibiotics for 24-or 48-h periods did not significantly alter the gentamicin or colistin activity remaining in the supernatant fraction. The finding that prolonged incubation did not change supematant activity suggested that equilibrium had occurred and that the interaction of pus with antibiotics was not primarily dependent on enzymatic destruction of the drug.
Effect of pH. Table 3 shows the effect of pH on antibiotic interaction with pus. Reduction of gentamicin activity appeared to occur maximally at pH 7.0 and was inhibited at pH 4.0 or 8.0. However, the interaction of purulent material with polymyxin B or colistin was not altered significantly at an alkaline pH. Reduction of polymyxin and colistin activity after incubation with pus was less marked at pH 4.0.
Removal of bound antibiotics. Varied concentration of purulent sediment. The effect of exposing a fixed concentration of antibiotic to different concentrations of purulent sediment is shown in Table 5 . There was marked reduction of antibiotic activity after incubation with all concentrations of purulent material. This occurred despite greater dilution of antibiotics in mixtures containing smaller concentrations of purulent material.
Effect of small quantities of purulent sediment. The effect of exposing varied concentrations of antibiotics to 5% (by volume) of purulent material is shown in Table 6 . Reduction of drug activity occurred with all concentrations of antibiotics except the 200-,ug/ml concentration of gentamicin. Persistence of drug activity was less marked when antibiotic concentrations were 50 or 100 ,g/ml. This suggested that saturation of binding sites in the purulent material had occurred.
DISCUSSION
Incubation of gentamicin, polymyxin B, or colistin sulfate with sediment obtained from pus causes a dramatic reduction in supernatant 
